Glasses in the compositions (Li 2 O) 25 -(BaO) 25 -(P 2 O 5 ) 50 À x -(V 2 O 5 ) x (with x ¼0.5,1.0,1.5,2.0,2.5, and 3.0 mol %) have been prepared by the conventional melt quenching technique. X-ray powder diffractrogram show broad peaks which conforms glassy nature of the sample. Differential scanning calorimetry (DSC) thermograms show characteristic glass transition temperature (T g ) and it increases with increasing substitution of V 2 O 5 for P 2 O 5 . The measured physical parameters like density, refractive index, ionic concentration and electronic polarizability are found to vary linearly with increasing x. Infrared spectra exhibits few bands, which are attributed to (P ¼O) AS , (P¼ O) S , (V¼O), (P-O-P) AS ,P-O-V, (P-O-P) AS 
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Introduction
In general, phosphate glasses have a variety of technological applications due to their several unique properties such as high thermal expansion coefficient, low viscosity and high UV transmission [1] . Phosphate glasses doped with transitional metal (TM) ions are technologically important because of their semiconducting properties, optical absorption, electrical memory switching and photo-conducting properties. The properties that make phosphate glasses candidates for so many applications are related to their molecular-level structure [2] [3] [4] . A problem related to phosphate glasses containing TM oxides is related with their mixed dual role, as modifiers but also as network formers. It is demonstrated by means of Raman spectroscopy [5, 6 ] that tungsten, iron or vanadium ions act as network modifiers but also as network formers depending by their concentration in the glass matrix [7] . Semiconducting transition metal oxide glasses have gained importance in recent years due to their possible applications in various technological fields [8, 9] . Among such glasses, the vanadate glasses are being widely used in memory and switching devices [10] . V 2 O 5 is known to participate in the glass network with VO 5 pyramidal structural units. Several vanadate glasses show semiconducting behavior having electrical conductivity in the range of 10 À 3 -10 À 5 (Ω-cm) À 1 , which is known to be due to small polaron hopping [11] . More precisely, vanadium containing glasses are identified as the n-type semiconductors for low value of the V 4 þ /V 5 þ ratio [11] . Electron paramagnetic resonance (EPR) yields information concerning valence state and local environment of implanted transition metal (TM) ions, as well as the nature of structural defects induced in the substrate by the implantation. EPR is also very sensitive to interactions among transition ions, and to the formation of both clusters and fine crystalline inclusions containing atoms of transition metals [12] . In the present investigation we have studied the structural changes that take place due to inter substitution of V 2 O 5 2P 2 O 5 in phosphate barium lithium glass network using V 2 O 5 as probing oxide. These structural changes are discussed with help of DSC, optical absorption, IR and EPR studies.
Experimental

Glass preparation
The nominal compositions of the glasses examined here and their designations are listed in Table 1 . The glasses with compositions (Li 2 O) 25 -(BaO) 25 -(P 2 O 5 ) 50À x -(V 2 O 5 ) x (with x¼0.5,1.0,1.5,2.0,2.5, and 3.0 mol%) is chosen for the studies. The composition of the modifier in the glass system (Li 2 O/BaO) is chosen in such a way that it avoids the hygroscopicity and extends the glass forming region. Analytical grade compounds of NH 4 H 2 PO 4 , V 2 O 5 , Li 2 CO 3 and BaCO 3 were used as starting materials. All the chemicals were weighed accurately, ground to fine powder and mixed thoroughly. The batches were melted at 1150 1C in a porcelain crucible by placing them in an electrical furnace. The melts were then poured on a polished brass plate and pressed quickly with another plate. The glasses thus obtained were transparent and greenish in color with the thickness of 1.5 mm. Samples were annealed at 200 1C in a furnace for 4 h, in order to relieve the thermal stresses. Finally, the samples were cooled naturally.
X-ray diffraction
The X-ray diffraction patterns of powder glass samples are recorded for 2θ values between 101 and 801 at 21/min using Philips diffractometer with Cu Kα radiation.
Measurement of density
The densities (ρ) of all the glasses are determined using the Archimedes method with xylene ( ρ ¼ 0:863 g=cm 3 ) as an immersion fluid. The density of glass calculated according to the formula:
where W A is the weight of the sample in air, W X is the weight of the sample in xylene. The molar volume V m was calculated from molecular weight M and density ρ according to V m ¼ M/ρ cm 3 /mol.
Differential scanning calorimetry (DSC)
DSC studies were carried out using Mettler Toledo DSC Star e System in 50-550 1C temperature range at the rate of 10 1C/min. For this, typically about 15-20 mg of a sample in a platelet form was hermetically sealed in aluminum pans and placed in the head of the calorimeter along with a reference pan.
Refractive index
The refractive index of glass samples have been measured using a Portable Jewel Refractometer (Chlight Corporation China Model CL À1.30 to 1.80) with sodium D-Line (589 nm) as source of radiation.
Electron paramagnetic resonance
The EPR spectra of crushed samples were recorded at room temperature on an EPR spectrometer (BRUKER) operating in the Xband frequencies (9.305 GHz) with a modulation frequency of 100 kHz. The resonance line of DPPH with g ¼2.0036 was used as a field marker.
Optical absorption
The optical absorption spectra of the prepared samples were recorded at room temperature using a Perkin-Elmer UV-vis spectrometer in the wavelength range 300-900 nm.
Infrared spectra
The IR spectra of the glasses were recorded at room temperature using Perkin-Elmer Spectrum GX using the KBr pellet disc method in the range 400-4000 cm À 1 . Approximately 0.1-1.0%
sample is well mixed into 200-250 mg fine KBr (alkali halide) powder and then finely pulverized and put into a pellet-forming die. A force of approximately 8 tons is applied under a vacuum of several mm Hg for several minutes form transparent pellets.
Degassing is performed to eliminate air and moisture from the KBr powder. Inadequate vacuum may result in easily broken pellets that scatter light. Before forming the KBr powder into pellets, pulverize it to 200 mesh max and then dry at approximately 110 1C for 2-3 h. When performing measurements, the background can be measured with an empty pellet holder inserted into the sample chamber. However, background measurements on a pellet holder with a pellet of KBr only, that contains no sample, can correct for infrared light scattering losses in the pellet and for moisture adsorbed on the KBr.
Results and discussion
Phosphate glasses are low melting temperature glasses ( $1000 1C). Visual inspection of crucible shows no chemical reaction between the melt and the crucible. UV-visible absorption spectra observed for all V 2 O 5 doped samples show well defined absorption bands which are consistent with literature. Further, porcelain crucibles are recommended for phosphate glasses as it is known that phosphate melt reacts with the Platinum Crucible.
Powder X-ray diffraction studies
The X-ray diffraction pattern consists of a few broad peaks rather than sharp peaks, which is a sign of glassy material. All the prepared glass samples confirm the glassy nature. Fig. 1 shows the typical X-ray diffraction pattern of V1 glass sample. 
Physical properties
The mean atomic volume (V M ) of each glass was obtained from the values of densities (ρ) and mean atomic weights. The number of vanadyl ions per cm 3 (N) was calculated from the glass composition and its density value. The calculated values are given in Table 2 , along with other physical parameters.
The dielectric constant (ε) was calculated from the refractive index of the glass using [13] .
The reflection loss from the glass surface was computed from the refractive index by using Fresnel's formula as [14] 
The molar refractivity R M for each glass was evaluated using [15] 
where M is the average molecular weight and ρ is the density in gm/cm 3 .
The electronic polarizability α e was calculated using the formula [16] 
where N is the number of vanadyl ions per unit volume. The polaron radius and inter-ionic separation were calculated using the formulae [17] 
and
Density, refractive index, molar refractivity, ionic concentration, electronic polarizability, polaron radii and inter-ionic distances are evaluated. Density is found to increase while molar volume decreases with increasing substitution of V 2 O 5 for P 2 O 5 . Since V 2 O 5 has high molecular mass, therefore, it is an expected result. It can be noted from 
Differential scanning calorimeter
From the DSC pattern, the values of glass transition temperature (T g ) and thermal stability factor (S) presented in Table 2 . In Fig. 2 typical DSC thermogram of V2 glass is shown. The variation of glass transition temperature (T g ) with V 2 O 5 content (V 2 O 5 ) is presented in Fig. 3 . Generally, the difference between crystallization temperature (T c ) and glass transition temperature (T g ), i.e., (T c ÀT g ) gives a measure of thermal stability of a supercooled liquid (glass). The larger value of S, the stronger is the inhibition to nucleation and crystallization processes, and consequently, the better thermal stability of supercooled liquids (glass) [19] . T c could not be identified in the present work in all samples; due to limitation DSC operating system as maximum temperature that could be attained is 550 1C. The stability factor of glasses investigated is in the range of 173-193 1C indicates glasses are stable against devitrification.
Electron paramagnetic resonance
Vanadium ions could be in V 4 þ and V 5 þ states in the P 2 O 5 -BaO-Li 2 O glasses. During the melting of the glasses at higher temperatures, there is a possibility for the following redox equilibrium to take place: have recorded EPR and optical absorption spectra at the room temperature. EPR spectra show resolved hyperfine components arising from unpaired 3d 1 electron with 51 V isotope (I ¼7/2, 100% abundance) and that they are very similar to those of the vanadyl ion, VO 2 þ , which is known to accure in glasses doped with vanadium oxide. Although V 4 þ ion is usually 6-fold coordinated its local symmetry is generally not octahedral, but axially distorted to a tetragonal symmetry (C 4V ). This axial distortion of the octahedral is mainly responsible for the observed variation of the spectral parameters. The EPR exhibit a well resolved typical hyperfine split spectrum due to 51 V (I ¼7/2) as shown in Fig. 4 . The spectrum is interpreted using axially symmetric spin Hamiltonian [20] .
where β is the Bohr magneton while g jj , g ? and A jj , A ? are the components of the gyromagnetic tensor g and hyperfine structure tensor A, respectively. H X , H Y and H Z are components of magnetic field, S X , S Y and S Z and I X , I Y and I Z are the components of the spin operators of the electron and the nucleus, respectively. The magnetic field positions of the parallel and perpendicular hyperfine peaks taking into account the second order perturbation terms, are given by following equations [ [24, 25] . The g and A values obtained in the present work agree with this relationship and are close to those vanadyl complexes as reported by others [26] [27] [28] [29] . It is therefore confirmed that the vanadyl ions in phosphate barium lithium glasses exist as VO 2 þ ions in octahedral coordination with a tetragonal compression and have C 4V symmetry. A pictorial representation of the axially distorted tetragonal symmetry (C 4V ) is shown in Fig. 5 . The bonding of the vanadyl ion in ligand field of octahedral symmetry has been well characterized by earlier workers [23, 27] . The Table 3 ; the ratio is observed to decrease gradually with increase in the concentration of V 2 O 5 for the given series of glasses. This implies that as the concentration increases show that the octahedral symmetry around VO 2 þ ions is improved.
Using EPR and optical parameters, the molecular bonding coefficient β is λ ¼ 170 cm À 1 and β 2 2 is assumed to be equal to 1 for the inplane πÀbonding with the equilateral ligands [31] . Using Eqs. (11) and (12) π were calculated and are given in Table 3 . From the optical absorption spectra (Fig. 6) , a small change in band maxima due to small structural change in the glass matrix with increase in V 2 O 5 content is observed. The bands i s-bonds in agreement with a C 4V local symmetry of isolated vanadium ions. 
Infrared spectra
It is well known that PO 4 tetrahedra are the basic structural units in phosphate glasses. The tetrahedral units are described by the Q n notation, where "n" represents the number of bridging oxygens (BOs) that link neighboring P-tetrahedra [36] . Vitreous P 2 O 5 structure has Q 3 P-tetrahedra with three BOs and one double bonded oxygen P ¼O, forming a three-dimensional cross-linked network. Ultraphosphate glasses have both Q 3 and Q 2 P-tetrahedra structural units. Metaphosphate glasses have Q 2 P-tetrahedra with two terminal oxygens that are shared with the modifying cation polyhedra. The Q 2 tetrahedra link to form long chains (or rings).
Phosphate glasses based on pyrophosphate (Q 1 ) and orthophosphate (Q 0 ) are also possible [37] . Van Wazer developed relationships that describe the compositional dependencies of the tetrahedral site distributions in binary alkali phosphate glasses [38] . The addition of a modifying oxide (R 2 O) to phosphate glass depolymerizes the structure from ones with more highly crosslinked tetrahedra to ones with more non-bridging oxygens [NBOs] to maintain charge balance [38] which can be represented using relations, 
Conclusions
Optical absorption spectra of the glass samples exhibits three absorption bands at 780, 670 and 470 nm are corresponding to 2 
